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SEXTANT 

A small portable extremely precise in¬ 
strument, the sextant has aided navigators 
in their voyages across the oceans for more 
than 200 years. ^ 

The instrument developed in the 18th 
century is an outgrowth of various pointer 
devices used by early navigators. It makes 
use of celestial bodies, the sun, moon and 
stars, to help establish one’s position at 
sea when there are no landmarks other 
than the horizon to serve as a guide. 

The design of the sextant is based on 
two fundamental optical principles which 
will become clear to you as you do the 
experiments and construct and use your 
sextant. 

First examine your materials. 

MIRROR— 1% X 1% inches. This is 
the index mirror. 

HALF MIRROR—li4 x 1% inches 
half silver lengthwise. This is the horizon 
mirror. 

VIAL AND STOPPER—To make a 
level. 

EYELET AND WASHER —Fit to¬ 
gether to form a pivot. 

BLACK PAPER—Two pieces: 3x3 
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inches and 2x1 inches. 

SEXTANT DIAGRAM—Large folded 
sheet. 

PROTRACTOR—On diagram sheet; to 
be cut out. 

You will also need a flashlight and 
stiff cardboard. 

PRINCIPLE OF THE SEXTANT 

The sextant measures the angle between 
two objects and is used primarily to ob¬ 
serve the angular distance or altitude, as 
it is called, of celestial bodies above the 
visible horizon in order to determine a 
ship’s observed position at sea. 

The sextant has two mirrors, the mov¬ 
able index mirror and the fixed horizon 
mirror. The horizon mirror is half sil¬ 
vered and half clear glass, while the index 
mirror is completely silvered. Look at your 
specimens. 

These two mirrors are positioned on the 
sextant so that a ray of light from a 
celestial body falling on the index mirror 
IS reflected to the horizon mirror, and then 
in turn to the observer’s eye through an 
eyepiece. At the same time light rays re¬ 
flected from the horizon are seen through 
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the clear glass of the horizon mirror by 
the observer through the eyepiece or sight¬ 
ing tube (Fig. 1). 

This relationship between the mirrors 
is the basis of the sextant. The index mir¬ 
ror may be rotated to reflect the light of 
a celestial body of any altitude and the 
light will always fall on the horizon mir¬ 
ror and be reflected to the eyepiece. 

What are the two optical principles 
and how are they applied in the sextant? 

Experiment 1 . The first principle is 
that when a ray of light strikes a smooth 
flat surface such as a mirror and is re¬ 
flected, the angle of incidence is equal to 
the angle of reflection. 

The beam of light that travels from a 
source, such as a star or a lamp, is called 
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Fig. 2 
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the incident ray and when it bounces off 
after striking a surface, it is called a re¬ 
flected ray (Fig. 2). 

The angle made by the incident ray 
with a line perpendicular to the plane of 
the'mirror, called the normal (N), is the 
angle of incidence (i) and the angle of 
reflection (r) is the angle formed by the 
normal and the reflected ray (Fig. 2). 
i = r 

Let us demonstrate this. Cut the 3x3- 
inch piece of black paper to exactly the 
size of the lens in your flashlight and 
then make a small smooth hole in the 
center with a large needle. Place the 
paper over the lens securely with the hole 



view from above 


Fig. 3 
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exactly over the flashlight lamp. 

Cut out your protractor. Place it down 
flat about 10 inches from the edge of a 
table. Prop the completely silvered mirror 
vertically up against the protractor so that 
its center is at the center O of the pro¬ 
tractor (Fig. 3). 

Darken the room and turn on your 
flashlight. Cast a beam on the mirror from 
one side so that it strikes the mirror at 
point O. Do this with the light source at 
table level so that you can see the beam 
as it travels from the flashlight to the 
mirror (incident ray) and then away from 
the mirror (reflected ray). 

Read the degrees at which the incident 
ray and reflected ray cross the protractor. 
Are the angles of incidence and reflection 
equal.f^ 

Experiment 2. Keep the source of light 
in the same position, but rotate the mirror 
so the'angle of incidence is greater. Does 
the angle of reflection increase by an 
equal amount (Fig. 4)? 

When the reflecting surface is rotated 
toward or away from the incident ray, 
both the angle of incidence and the angle 
of reflection are changed by the amount 
of rotation. Can you show this is so? 
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Fig. 4 

Therefore, the angle of incidence and 
angle of reflection remain equal to each 
other and the total change of the angle 
formed by the incident and reflected rays 
is twice the amount of the rotation angle. 
Thus, one degree in the angle of rotation 
means a two-degree increase in the angle 
between the incident and reflected rays. 

Remember this when you use your sex¬ 
tant. Only a slight rotation of the index 
mirror will cover a great expanse of sky 
when sighting celestial bodies. 

Experiment 3. The second optic prin¬ 
ciple applied in the construction of the 
sextant is that the angle between the first 
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and last directions of a light ray which 
has undergone two reflections in the same 
plane is twice the angle between the 
mirrors. 

In Figure 5, light from a star S travels 
to the index mirror and is reflected to 
the horizon mirror and then to the eye 
at E (see also Fig. 1). If you follow the 
arrows, in Fig. 5, you will see that the 
beam is reflected twice before it reaches 
the eye along the path SIHE. A line ex¬ 
tended from the incident ray SI intersects 
line HE at E, forming angle SEH. Can 
you see that angle SEH is the angle be¬ 
tween the first and last directions of the 
light ray S? 

The angle between the mirrors is 
formed by drawing lines parallel to the 
mirrors and extending them. The two 
lines will meet at O to form the angle 
lOH. 

This is called the angle of inclination 
of the mirrors. It is equal to the angle 
INH formed by the two normals IN and 
HN since the normals are perpendicular 
to the mirrors and also indicate the angles 
of inclination between the mirrors. 

thus, INH = lOH 
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S (star) 



Fig. 5 

According to the optic principle, angle 
SEH (or lEH) is equal to 2 lOH. 

Let us show this is true by using 
geometry and the first principle. 
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In Figure 5, since the angle of incidence 
is equal to the angle of reflection (the 
first principle), 

SIP = PIH and SIH = 2 PIH (1) 

When the light from the index mirror is 
reflected to the horizon mirror and then 
again to the observer at E, in the angle 
IHE, IH is the incident ray and HE the 
reflected ray. Therefore, 

IHN == NHE and IHE = 2 IHN (2) 

Since an exterior angle of a triangle is 
equal to the sum of the two nonadjacent 
interior angles, 

exterior angle SIH = I EH -\- IHE 
and (3) 

exterior angle PIH = INH + IHN 

By transposing these equations, 
lEH = SIH — IHE and 

(4) 

INH = PIH — IHN 

Substituting 2PIH for SIH (see equa¬ 
tion 1 above) and 
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2IHNforIHE (equation 2) 
you get 

lEH = 2 PIH - 2 IHN (equation 4) 
or lEH = 2 (PIH - IHN) (5) 

Since INH = PIH — IHN (equation 
4) and 

INH = lOH 

then, 

lEH = 2 INH (equation 5) = 2 lOH 
or lEH = 2 lOH 

In other words, angle lEH, the angle 
between the first and last directions of the 
ray of light from the star, is equal to 
twice the angle of inclination of the mir¬ 
rors. Angle lEH is the altitude of the 
star (or other celestial body). 

Experiment 4. Look at the diagram 
for the base of your sextant and note the 
graduated lines along the curved edge 
numbered from 0 to 120. 

The distance from 0 to 120 is equal to 
one-sixth of a circumference of a circle. 
The name sextant is derived from the 
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Latin word sextans meaning the sixth 
part. One-sixth of a circle is 60 degrees, 
but in the sextant each degree is given 
twice the value because of the second 
optical principle. 

Look at Figure 1. Each degree of rota¬ 
tion of the index arm means a two-degree 
change in altitude. The degrees are num¬ 
bered from 0 to 120 degrees for con¬ 
venience so that the altitude can be read 
directly and need not be multiplied by 
2 each time a reading is made. 

Do you see any relationship between the 
second principle and the angle of rota¬ 
tion of the mirror observed in Experi¬ 
ment 2 ? 

CONSTRUCTING THE SEXTANT 

Now that you are familiar with the 
principle of the sextant, you are ready to 
construct the instrument. 

The diagram includes the base of the 
sextant with the graduated arc, the index 
arm, the level and sighting tube holder, 
and holders for the two mirrors. 

Paste the parts of your sextant on stiff 
cardboard and cut them out together with 
the backing. The mounting for the base 
of the sextant should be as stiff as pos- 


13 


sible. The more rigid the material, the 
more useful and accurate your instrument 
will he. 

Cut out the rectangular piece from the 
index arm and the holes for the vial 
and sighting tube. Fold the mirror holders 
and the level and sighting tube holder 
along the dotted lines. 

The eyelet and washer serve as the 
pivot on which the index arm will rotate. 
They must be positioned exactly. The 
placement of these parts to a large extent 
will determine the accuracy of your in¬ 
strument. 

Construct your sextant as outlined be¬ 
low: 

(1) Attach the index arm to the base. 
With a pin, punch a hole in the center 
of the circle on the sextant base. This is 
the pivot point for the index arm. This 
point is also the exact center of the circle 
of which the graduated arc on the base 
is a part. Make a hole just large enough 
for the washer at this point, being sure 
the center of the washer will be the exact 
center of the circle. Insert it from below 
and then glue it into the hole. 

Now make a hole in the exact center 
of the circle of the index arm in the same 


14 


way for the eyelet. Cut away carefully any 
rough edges of cardboard in the hole. In¬ 
sert the eyelet from above and fit it into 
the washer. To be sure the pivot is in 
the exact center, turn the arm a full rota¬ 
tion. The circles should coincide through¬ 
out the rotation. If the fit of the washer 
and eyelet is a little tight and the index 
arm cannot rotate freely, widen the open¬ 
ing of the washer very slightly by in¬ 
serting the pointed end of a pencil and 
twisting it in the hole as you apply a 
little pressure. Do not make the hole too 
large or the pivot will not hold together. 

Push the eyelet firmly into the card¬ 
board allowing as little of the head to 
protrude as possible. 

(2) Index mirror. Next, glue the index 
mirror holder B on B' on the index arm to 
fit exactly. Match the area between the 
two upright pieces on each side of the 
holder with the parallel lines that extend 
beyond the rectangle B'. Place the index 
mirror into the holder. Be sure it is per¬ 
pendicular to the base and parallel to the 
center lines along the index arm. 

To determine whether the index mirror 
is perpendicular to the plane of the base, 
rotate the index arm to about the center of 
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the graduated arc. Hold the sextant hori¬ 
zontally and place your eye near the index 
mirror level with the plane of the arc. 
Look into the index mirror and see 
whether the image of the arc in the 
mirror and the arc itself are continuous. 
Because the holder extends one-half inch 
beyond the mirror, you will have to draw 
an imaginary line mentally between the 
mirror and the arc to have a continuous 
line. If the image and the actual arc are 
continuous, the index mirror is perpen¬ 
dicular to the plane of the graduated arc 
and no adjustment is necessary. 

If the reflected image appears to droop 
away from the direct image, the mirror is 
not perpendicular, but leans backward. If 
the reflected image appears to rise, the 
mirror leans forward. Adjustments will 
have to be made accordingly. Secure the 
mirror to the holder after you are sure 
it is exactly perpendicular with scotch 
tape. 

(3) Horizon mirror. Paste the bottom 
of the horizon mirror holder A to A' to 
fit exactly. As with the index mirror hold¬ 
er, match exactly the area between the 
two upright pieces on each side of the 
holder with the parallel lines that extend 
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beyond the rectangle A'. Insert the half- 
silvered horizon mirror into the holder 
with the silvered half against the base. 
The mirror must be at right angles to the 
base of the sextant. This is very important. 
Secure the mirror to the holder with 
scotch tape at the back and sides. 

(4) Level and sighting tube holder. 
Paste C on C' to fit exactly with the holes 
for the level towards the upper part of the 
sextant. Roll the 1 x 2-inch black paper 
into a tube and insert it through the holes 
marked for the sights. This is your sight¬ 
ing tube or eyepiece. Hold the sextant 
vertically and look through the sighting 
tube at the horizon mirror. You should 
see a part of both the silvered portion of 
the mirror and the unsilvered portion, the 
division of the clear glass and silvered 
part being at the center of your line of 
vision. Fill the vial with water, add a 
tiny drop of vegetable coloring or ink to 
the water if desired. Insert the stopper, 
leaving just enough air in the top of the 
vial so that when it is tipped on its side, 
you will have a tiny bubble that floats 
freely. Can you hold the vial so that the 
bubble remains in the middle? When the 
bubble is in the center, the vial is level. 
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Insert the level into the holes provided 
on C. When measuring altitudes a hori¬ 
zontal reference is necessary. At sea, the 
visible horizon furnishes this need, but 
on land a visible horizon is not always 
available, and another horizontal refer¬ 
ence must be provided. Such a reference 
is called an artificial horizon. The bubble 
level serves as an artificial horizon allow¬ 
ing your sextant to be used on land as 
well as on the sea. There are several other 
means of providing an artificial horizon 
but the bubble level is the one most often 
used. A bubble sextant is used for sight¬ 
ing altitudes from aircraft. 

Glue both the sighting tube and the 
level into the holes. 

(5) Make a handle for your sextant. 
Cut a strip of stiff cardboard 4 inches 
wide by 12 inches long. Fold in about 
454 inches from each end toward the 
center and crease. Glue the center 3-inch 
section lengthwise on the center back 
of the sextant base with strong adhesive. 
To hold the sextant vertically, grasp the 
two free ends together. 

Your sextant is now completed. Note, 
however, that a real sextant includes a 
telescope for sighting. However, a tele- 
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scope IS not entirely necessary and you 
will be able to sight objects and experi¬ 
ment with the sextant without it. 

Also, an actual sextant is provided with 
shade glasses to filter the sun’s rays. Your 
sextant designed mainly to demonstrate 
the optical principles involved in a sex¬ 
tant does not have filters to protect the 
eye from the sun. Therefore, you MUST 
NOT use the sextant to observe the sun. 

Since the sextant is used to sight the 
moon, planets and stars as well as the 
sun by navigators, you can learn the 
principles of the sextant and its uses 
without sighting the sun. 

ADJUSTING YOUR SEXTANT 

Experiment 5. You now have all the 
parts of the sextant put together. In 
order to have a properly operating instru¬ 
ment you must make sure the index 
mirror is perpendicular to the base, the 
horizon mirror is perpendicular to the 
base and the index mirror and horizon 
mirror are parallel to each other at zero 
setting. 

You have already checked the per¬ 
pendicularity of the index mirror to the 
base, but it would be wise to recheck it. 
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Fig. 6 

using the same method as before. 

Experiment 6. To check the perpen¬ 
dicularity of the horizon mirror to the 
base of the sextant, hold the sextant ver¬ 
tically in your right hand and look to 
see that it is level by checking the posi¬ 
tion of the bubble. It must be in the cen¬ 
ter of the vial for the sextant to be level. 

Sight an object such as a window or 
tree at least thirty feet away through the 
unsilvered portion of the mirror. Now 
move the index arm toward zero until 
the reflected image of the object is also 
seen. If the reflected image passes exactly 
over the direct image, the mirror is per¬ 
pendicular. If the combined image ap¬ 
pears too narrow or too broad or broken 
along the center the horizon glass is not 
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perpendicular and needs adjustment 
(Fig. 6). 

Experiment 7. To be sure the index 
mirror and horizon mirror are parallel at 
zero, place the center of the index arm at 
zero and direct the line of sight again 
to an object about 30 feet away. If, the 
mirrors are not parallel the image will 
appear broken, the reflected image being 
higher or lower than the direct image 

(Fig-'7). 

If the mirrors are not parallel when 
the center of the index arm is at or very 
close to zero degrees, adjust your horizon 
mirror. 


Experiment 8. Now that your mirrors 
are perpendicular to the base and parallel 
to each other, you will want to find the 
exact zero point of your instrument. 
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Sight an object so that the reflected image 
of the object passes exactly over the direct 
image. When you reach this position, hold 
the index arm firmly to the base and draw 
a line lightly in pencil on the lower part 
of the arm opposite the zero marking on 
the graduated arc. 

Choose several different objects and 
repeat the experiment. Does the zero point 
remain the same? If so, go over the pencil 
line in ink to make it permanent. The 
line indicates the zero point of your index 
arm. All altitude readings are made using 
this zero point. In Fig. 1 the reading is 
38°. 

When the index arm is at the zero 
point, objects in the horizon sighted with 
the sextant should appear as a single 
image. 

When using the sextant to determine 
one’s position at sea, altitudes read from 
the sextant must be corrected to obtain 
the true altitude. Navigators refer to the 
Nautical Almanac which gives the correc¬ 
tion to be applied to a sextant reading. 

An uncorrected reading from the sex¬ 
tant IS called a sextant altitude. The direct 
readings you will make with your sextant 
will he sextant altitudes. 
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USING THE SEXTANT 


DO NOT OBSERVE THE SUN 

with this sextant. 

Experiment 9. Choose an object such 
as the top of a steeple, flagpole, street lamp 
or the top of a high building. Set the 
index arm at 0. Direct your sextant at a 
point beneath the object you have chosen. 
Have a friend work with you so that he 
can check the bubble of your artificial 
horizon to be sure your sextant is level. 
Rotate the index arm along the graduated 
arc until the object comes into view at 
the center of the horizon mirror. Note that 
you get a clear reflection of half the 
object to the right in the mirror and a 
shadowy reflection of the left half in the 
clear glass. Hold the index arm firmly 
against the base and then read the degrees. 
The reading gives the altitude of the 
object in angular degrees. Take several 
readings to see how accurate you are. 

Experiment 10. Observe the moon 
with your sextant. The technique is the 
same as that used for observing the sun, 
but no shade glasses are needed. 

Moon sights are best made during day¬ 
light or in twilight. At night there is al- 
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most always a false horizon beneath the 
moon when at sea because of the moon¬ 
light reflected on the water which inter¬ 
feres with observations. 

On land with your artificial horizon, 
you can sight the moon at night without 
any difficulty. 

To observe the moon, hold the sextant 
vertically in the right hand by means of 
the handle. Be sure your sextant is level. 
Face toward the moon and direct the 
line of sight at a point on the horizon 
directly beneath the moon. 

Hold the sextant level and steady. Sight 
the horizon through the clear portion of 
the horizon mirror with the index arm 
at the zero point. With your left hand 
move the index arm slowly away from 
you until the moon comes into view and 
its lower edge or limb just touches the 
horizon. It is important in taking read¬ 
ings to be sure the sextant is exactly 
perpendicular to the horizon. To check 
this, hold the index arm securely at its 
position and while looking through the 
sighting tube, tilt the instrument slightly 
first to the right and then to the left. The 
moon will appear to move in an arc away 
from the horizon as the sextant is tilted. 
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Fig. 8 

When the moon appears to be at the 
bottom of the arc, due to the rocking of 
the sextant, then the sextant is vertical 
and you are ready to take a reading 
(Fig. 8). 

When the sextant is vertical, the re¬ 
flected moon should appear at the cen¬ 
ter of the horizon mirror, half on the 
silvered part and half on the clear part. 

Now move the index arm slowly so 
the lower edge of the moon just touches 
the horizon. 

Read your sextant. This will give you 
the sextant altitude of the moon. 

Make several observations by raising 
the moon above the horizon and then 
lowering it below the horizon. An average 
of several readings will give the most 
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Fig. 9 

accurate altitude. 

Because of its phases the moon is usually 
observed with its upper limb just touch¬ 
ing the horizon (Fig. 9). 

Experiment 11 . The method for sight¬ 
ing a star is slightly different. It is more 
difficult to observe a star since the horizon 
is not always clearly distinguishable at 
night and stars, usually sighted at twi¬ 
light when the horizon is still visible, are 
faint and a little more difficult to see. 

One method used to overcome the 
problem is to set the index arm at zero 
and sight the star directly. Hold the index 
arm at zero on the graduated arc and 
sight the direct image of the star through 
the horizon glass. The reflected image will 
be seen on the horizon mirror. Gradually 
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rotate the body of the sextant down and 
the index arm outward keeping the star 
on the horizon mirror always visible until 
the horizon appears on the clear side of 
the horizon mirror and the sextant is 
perfectly level as indicated by the bubble. 
Now take the reading of the star’s alti¬ 
tude. Make several observations. 

In making all their readings, with the 
star, moon or sun, the navigators observe 
the time with each reading since the alti¬ 
tudes of celestial bodies vary with the 
rotation of the earth. 

Experiment 12. Planets are very useful 
in navigation as they can be clearly seen 
in the morning and evening when the 
horizon is also visible. See if you can 
locate a planet and find its altitude. 

Experiment 13. Find the altitude of 
the moon at the same hour on successive 
days and note the change in its position 
from day to day. The more you use your 
sextant the more expert you will become 
in determining altitudes. 

A ship’s position can also be determined 
by sextant readings obtained from objects 
or other landmarks along the shore. How- 
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ever, to obtain a position by this means 
the distance of the ship from one of the 
objects must be known. When sighting 
objects on land the sextant is held hori¬ 
zontally. 

If you are interested in studying the 
sextant further and the art of navigation 
by celestial bodies, the references below 
will be helpful. 

American Practical Navigator, Na¬ 
thaniel Bowditch, U. S. Government 
Printing Office, Washington, D. C. 

Celestial Navigation, Frances W. 
Wright, Cornell Maritime Press, Inc., 
Cambridge, Mass. 

Primer of Navigation, George W. 
Mixter, D. Van Nostrand Co., Princeton, 
N. J. 
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